Introduction
============

The physical and psychological benefits of exercising are well documented but less is known about how it may benefit relationships. Research examining the physical benefits of exercise shows that those who engage in regular exercise have improved cardiovascular functioning ([@B106]), reduced obesity-related health problems such as diabetes ([@B28]), increased cerebral blood flow ([@B86]; [@B97]; [@B88]; [@B77]), and improved cognitive functioning ([@B35]; [@B24],[@B25]; [@B4]; [@B23]). Even more impressive is research suggesting that exercise facilitates structural brain changes ([@B100]) and the generation of new brain cells ([@B29]), reduces risk of dementia ([@B64]; [@B4]) and some forms of cancer ([@B5]; [@B46]; [@B47]; [@B99]), and increases longevity ([@B63]). Like the physical benefits, research on exercise's psychological benefits has demonstrated that individuals who exercise regularly experience less stress, depression, and anxiety ([@B37]; [@B89]; [@B22]) and improved mood, self-esteem, and self-control ([@B92]; [@B76]; [@B87]; [@B90]). However, despite these growing bodies of evidence regarding the virtues of exercise on physical and psychological functioning, much less is known about the potential benefits of exercise on functioning in relationships, particularly following a transgression. The purpose of this research was to address this gap by exploring the association between individuals who engage in specific types of exercise and forgiveness, which is an important interpersonal factor in the repair of relationships following a transgression.

Social bonds are crucial for the psychological well-being and survival of human beings ([@B14]; [@B18]; [@B9]; [@B12]; [@B75]; [@B84]; [@B98]). However, in the process of developing and maintaining relationships, individuals often commit transgressions that can jeopardize these bonds. Fortunately, people have developed various ways to repair the damage caused when one person hurts another. One of these ways is to forgive transgressors ([@B71]). Based on several definitions of forgiveness in which victims transform unfavorable evaluations and behaviors into more favorable evaluations and behaviors that benefit the transgressor (see [@B42]; [@B70]; [@B94]; [@B19]; [@B36]; [@B103]), we defined forgiveness as a motivated decision to transform unfavorable evaluations and antisocial behavior toward a transgressor into more favorable evaluations and prosocial behavior.

Most germane to the purpose of this research is the empirical literature that has linked forgiveness to physiological functioning such as efficient use of glucose ([@B33]), psychological functioning such as greater self-control over grudges ([@B45]; [@B17]), social functioning such as reduced antisocial interactions ([@B2]; [@B43]) and improvements in prosocial interactions ([@B60]; [@B61]), as well as improvements in functioning of relationships ([@B85]; [@B44]; [@B55]; [@B78]; [@B15]; [@B104]; [@B62]). With few exceptions (e.g., [@B67]), this research shows that forgiveness has numerous benefits for relationships. For instance, forgiving in romantic relationships is linked to less relationship dissolution ([@B62]), greater relationship commitment ([@B104]), increased relationship satisfaction ([@B15]), and better conflict resolution ([@B44]).

Despite the potential benefits of forgiveness in repairing relationships, it is a difficult process to initiate and carry out because victims must first override the inclination to protect themselves from future transgressions by harboring grudges ([@B53]; [@B8]; [@B42]; [@B71]; [@B73]; [@B17]). We define a grudge as hanging on to negative sentiment and judgments toward transgressors by ruminating or repetitively thinking about the transgression. Research shows that ruminating about a transgression increases negative feelings about the transgressor and deters prosocial responses such as forgiveness ([@B83]; [@B102]; [@B72]; [@B81]). Although grudges provide short-term benefits, such as promoting vigilance against future transgressions ([@B80]), over the long-term, persistent grudges are likely to prevent victims from forgiving because they impair victims' ability to reappraise the negative event, their capacity to diminish their negative sentiment, and hinder reconciliation ([@B72]; [@B32]).

In the following research, we tested the idea that different types of exercise influence victims' capacity to override grudges, which then facilitates forgiveness ([@B17]). The capacity to override a desired response such as harboring a grudge, is referred to as self-control, and has been shown to be important in the regulation and maintenance of relationships ([@B95]; [@B7]). Despite ongoing debate in the literature on self-control regarding the mechanisms that explain the operation of self-control ([@B50]; [@B6]; [@B20]; [@B57]; [@B10]; [@B13]; [@B30]; [@B41]), its study has blossomed over the past two decades. By exercising self-control, people are able to resist the temptation to act in self-serving ways, and, instead, act in socially adaptive ways, which facilitates pleasant and long lasting relationships with others ([@B7]). We propose that the self-control required to override grudges is influenced by cognitive control processes, which are differentially influenced by exercise ([@B27]; [@B91]; [@B49]; [@B4]; [@B23]). We further argue that the self-control needed to override a grudge exerts downstream effects on victims' capacity to forgive ([@B17]). Although research shows that exercise is linked to the ability to regulate negative emotions such as the ones involved in harboring a grudge, little is known about the role that different types of exercise may play in the process of overcoming negative emotions ([@B1]).

There are three main categories of physical exercise: anaerobic, aerobic, and stretching ([@B58]). *Anaerobic* exercise is defined by short bursts of extremely high energy, such as lifting weights, that limits cardiovascular functioning ([@B66]). *Aerobic* exercise, such as jogging and aerobics classes, is characterized by intense and sustained activity that stimulates and strengthens the heart and lungs and improves cardiovascular functioning ([@B96]). *Stretching* is the process of stationing body parts in positions that increase flexibility and lengthen ligaments, tendons, and skin, for instance, stretching classes ([@B69]). Stretching can also positively influence cardiovascular functioning ([@B77]; [@B105]).

Our research is exploratory and, in part, based on the idea that different modalities of exercise might influence the operation of self-control over grudges through improved cognitive control. Cognitive control is a set of cognitive processes including inhibitory control, attentional control, working memory, and cognitive flexibility ([@B34]). Because the process of exercising self-control involves inhibiting dominant responses, such as harboring grudges, to allow other more appropriate responses, such as forgiveness, it is most directly linked to inhibitory cognitive control processes ([@B82]; [@B57]). We further argue that the self-control exerted when overriding grudges has important downstream implications for the interpersonal process of forgiveness, such that those who effectively override grudges are more forgiving.

We propose that different types of exercise affect cardiorespiratory functioning ([@B68]; [@B88]), cognitive control ([@B54]; [@B79]; [@B39]), and self-control ([@B3]; [@B4]). Because aerobic and stretching exercises are characterized by efficient cardiorespiratory functioning (e.g., [@B68]; [@B88]; [@B105]) and improved cognitive control (e.g.,[@B101]; [@B40]), we expect that engaging in these types of exercise should enable people to exert greater self-control over grudges ([@B79]; [@B17]; [@B39]; [@B3]). In comparison, because anaerobic exercise is defined by short bursts of extremely high energy that limits cardiorespiratory functioning ([@B59]; [@B65]) and cognitive control (e.g., [@B25]), we propose that engaging in this form of exercise should limit self-control over grudges ([@B76]; [@B79]). Moreover, we predicted that one downstream gain for victims of transgressions who engage in aerobic and stretching exercises would be greater forgiveness than those who engage in anaerobic exercises.

Overview of Current Research
----------------------------

A growing body of research shows that physical exercise is associated with improved cognitive control implicated in the operation of self-control (e.g., [@B27]; [@B54]; [@B31]; [@B91]; [@B79]; [@B25]; [@B49]; [@B48]; [@B56]; [@B3]). This research has also begun to focus on the modality of exercise and cognitive functioning ([@B27]; [@B16]; [@B91]; [@B25]; [@B51]), suggesting that type of exercise might be important in the operation of self-control over grudges. Research also shows a link between exercise and improved self-control in the long-term ([@B76]; [@B3]). Moreover, an independent association between cognitive control and self-control has been found ([@B50]). Finally, self-control is negatively associated with harboring grudges and positively linked to forgiveness ([@B17]).

Despite the independent associations between exercise and self-control, and self-control and forgiveness, researchers still do not know if, and how, type of exercise, self-control over grudges, and forgiveness interrelate. Thus, the primary aim of this research was to explore the association between exercise, self-control over grudges, and forgiveness. We predicted that aerobic and flexibility (i.e., stretching) exercise would decrease grudge holding and increase forgiveness compared to anaerobic exercise. In addition, we also wanted to explore the mediational role of self-control over grudges in explaining why the different modes of exercise influence forgiveness. In Study 1 we set out to explore these associations in a community sample of non-student adults and a real-life transgression occurring within a romantic relationship. In Study 2 we attempted to extend these findings by using a sample of undergraduates and an experimental design (i.e., experimental field). In addition, we tested the mediating role of grudges in explaining why different types of exercise facilitated or hindered the forgiveness process.

Study 1
=======

In Study 1 we tested the association between exercise and forgiveness by assessing the routine exercise behavior of a community sample of adults, using a retrospective recall of an actual relationship transgression involving a romantic partner, and assessing their forgiveness of their partner.

Design
------

A one-way non-experimental design was used to test the association between exercise type (control, anaerobic, aerobic, and stretching) and forgiveness.

Method
------

### Participants

The participants were a community sample of 105 adults who were on average 29.13 years old, *SD* = 11.25, (Male = 53, Female = 51, one did not report gender). Our sample size was determined using a power analysis with four groups, α = 0.05, medium to strong effect size, and 80% power. Participants reported routinely exercising weekly or several times per week and on average rated their current level of fitness as 3.90 (*SD* = 1.49) whereby 1 = *poor/out of shape* and 7 = *excellent/in best shape*. As well, the participants reported that the transgression had occurred within months, *M* = 3.40, *SD* = 0.88, (1 = *days*, 2 = *weeks*, 3 = *months*, 4 = *years*); that they had been in the relationship for an average of 1--2 years, *M* = 3.08, *SD* = 1.15 (1 = *weeks*, 2 = *months*, 3 = *1--2 years*, 4 = *2--3 years*, 5 = *more than 3 years*); and that they were committed to the relationship, *M* = 5.66, *SD* = 1.56, (1 = *not at all committed*, 7 = *very committed*). As compensation, those who completed the study had their names entered into a draw for \$100.

### Materials

#### Exercise behavior

As part of a larger questionnaire, participants indicated the form of exercise they engage in most frequently, including anaerobic, aerobic, stretching, and no exercise (control). Participants were asked, *When exercising I mostly do (choose the one that best fits)*: aerobics (running, jogging, cycling, and swimming); anaerobics (lift weights); stretching (yoga, pilates); or I don't exercise.

#### Transgression stimulus

Participants were instructed to think about a current or past romantic relationship in which their partner committed a transgression against them. They were then instructed to write about what happened and how it made them feel.

#### Forgiveness

Participants were asked to indicate the extent to which they forgave their partner, 1 = *I would never forgive him/her*, 2 = *I may forgive him/her*, 3 = *I am trying to forgive him/her*, 4 = *I forgave him/her*. Most definitions of forgiveness describe it as a process that takes place over time and therefore we opted for this scale because it reflected our goal to assess where our participants were in terms of the different stages of the forgiveness process ranging from never forgiving to forgiveness. Other formal scales of forgiveness (e.g., the forgiveness scale, [@B38]; TRIM, [@B74]) tend to assess the extent to which participants would forgive or have forgiven rather than the broader range of stages. Previous research shows that the measure we used in this study correlated with other multi-item formal measures of forgiveness ([@B93]). We also assessed the extent to which the participants were still involved in the relationship. Participants were asked if they were still involved in the relationship, 1 = *no my partner and I ended the relationship*, 2 = *yes, but my partner and I are also dating other people*, 3 = *the relationship ended for some time but my partner and I are now back together*, and 4 = *yes, my partner and I are still exclusively involved in this relationship*. Based on a positive correlation between these items, *r* = 0.33, *p* = 0.001, they were converted to standard scores and averaged. Participants who would never forgive and were no longer in the relationship were considered unforgiving, whereas those who had forgiven and were still in the relationship were considered forgiving.

### Procedure

Participants were recruited by approaching students in an advanced undergraduate psychology class and asking them to distribute a URL to the online study material. The students were to give the URLs to one male and one female non-student adult who had no relationship or association with each other. The participants had to be at least 18 years old, proficient in reading and writing English, able to use a computer and the internet, and must have currently, or previously, been in a romantic relationship. After signing the informed consent form, participants completed the demographic questions, information on their exercise behavior, transgression stimuli, and the forgiveness measure. The participants were debriefed in writing at the completion of data collection.

Results
-------

### Main Analysis

A one-way between groups ANOVA was conducted to test the relation between routine exercise (none, anaerobic, aerobic, and stretching) and participants' forgiveness of their romantic partner. A significant relation was found between the type of exercise participants routinely engaged in and forgiveness, *F*(3,88) = 7.31, *p* = 0.001, η^2^ = 0.21. Participants who engaged in aerobic exercise reported being significantly more forgiving, *M* = 0.43, *SD* = 1.01, 95% CI \[0.11, 0.75\], than those who did not exercise, *M* = -0.52, *SD* = 0.92, 95% CI \[-1.03, 0.005\], *t* = 3.44, *p* = 0.001, *d* = 0.75, and those who engaged in anaerobic exercise, *M* = -0.42, *SD* = 0.76, 95% CI \[-0.74, 0.10\], *t* = 3.65, *p* = 0.001, *d* = 0.56. Similarly, individuals who engaged in stretching exercises were significantly more forgiving, *M* = 0.53, *SD* = 0.75, 95% CI \[-0.007, 1.07\], than those who did not exercise, *M* = -0.52, *SD* = 0.92, *t* = 2.72, *p* = 0.008, *d* = 0.86, and those who engaged in anaerobic exercise, *M* = -0.42, *SD* = 0.76, *t* = 2.68, *p* = 0.009, *d* = 0.68 (see **Figure [1](#F1){ref-type="fig"}**). All of the effects were moderate to large according to [@B26]. No significant difference was found between the no exercise and anaerobic groups and the aerobic and stretching groups. As predicted, those who routinely engaged in stretching and aerobic exercises seemed to be more forgiving than non-exercising individuals and those who engaged in anaerobic exercises.

![**The relations between exercise type and forgiveness (Study 1).** Significant (*p* \< 05) differences were found between the stretching and control, stretching and anaerobic, aerobic and control, and aerobic and anaerobic conditions. Standardized scores and standard error bars.](fpsyg-08-00538-g001){#F1}

![**The relations between exercise type and forgiveness (Study 2).** Standardized scores and standard error bars.](fpsyg-08-00538-g002){#F2}

Study 2
=======

In Study 2 we created a real-time transgression in a field setting, manipulating and randomly assigning participants to the different exercise conditions to begin to test the causal relation between exercise and forgiveness. We used a single session of exercise for each modality incorporating moderately intense activities consistent with achieving an aerobic, anaerobic, and stretching effect. We also examined the extent to which the participant was able to override their grudges mediated the relation between type of exercise and forgiveness. The participants were told that they would be participating in an exercise class being conducted by a student enrolled in the Faculty of Kinesiology and that they would complete a brief Fitness Instructor Evaluation Form and a University Grade Form that would contribute to the student instructor's actual grade in a course. Because of high demand on the exercise facilities on campus, we were limited to the same exercise studio for four 1 h sessions. In addition, the studio had a set capacity of 16 participants, and therefore, we were limited in how many participants we could test overall.

Design
------

A one-way experimental design with exercise type as the Independent Variable (control, anaerobic, aerobic, and stretching) and forgiveness as the Dependent Variable was used.

Method
------

### Participants

Undergraduate students (*N* = 50, 25 women, 24 men, one did not report gender, *M*~age~ = 20.51, *SD* = 3.28) were recruited from the undergraduate research participant pool on campus. As described previously, our sample size was limited to a maximum of 16 participants per session because of the size of the workout studio. In total, 50 participants completed the study (control *n* = 13, anaerobic *n* = 11, aerobic *n* = 15, stretching *n* = 11). We ran a *post hoc* power analysis to determine the level of power we obtained for testing our mediation hypothesis. Consistent with Study 1, no differences were found between the control condition and the anaerobic training condition (i.e., our control conditions) nor between the anaerobic training and the flexibility training conditions (i.e., our treatment conditions) on the key dependent variables and therefore we combined them into 2 groups, (1) control + anaerobic training and (2) aerobic + flexibility training, to run this analysis. Based on a large effect size, *d* = 0.82, α = 0.05, and *N* = 50, our *post hoc* power for this analysis was 79%. The participants received credit toward their introductory psychology course grade in exchange for their participation. They reported exercising regularly (*M* = 4 times per week, *SD* = 1.50) and having a moderately high level of perceived fitness (*M* = 4.77, *SD* = 1.00, 7-point scale where 1 = *Not at all fit*, 7 = *Extremely fit*).

### Materials

#### Exercise

We operationalized our exercise independent variable as four different exercise classes that trained moderately intense physical activity consistent with achieving aerobic, anaerobic, and stretching effects: control (one 30 min nutrition class), anaerobic training (one 30 min weight lifting class with 2 min sets and a 1 min rest between sets using weight machines), aerobic training (one 30 min aerobics class with continuous and sustained exercise throughout the session), and flexibility training (one 30 min stretching class with continuous stretching throughout the session, stretches were held for 30 s each on a floor mat). A senior kinesiology undergraduate student who was also a trained fitness instructor in anaerobic, aerobic, and stretching techniques served as our transgressor and fitness instructor. Based on her education, training, and applied fitness experience, the instructor played a significant role in designing and pilot testing our exercise conditions. The instructor was not informed about the focus on forgiveness or about the hypotheses of the study.

#### Transgression stimulus

The instructor showed up 12 min late for each session.

#### Transgression measures

Participants were asked to indicate the extent to which the instructor arrived on time, 1 = *Not at all*, 7 = *Very much so*, and the impact of the event on them, 1 = *Extremely negative*, 7 = *Extremely positive*.

#### Perceived physical functioning

Physical fitness is defined as a set of attributes that individuals achieve such as cardiorespiratory endurance and muscle strength ([@B21]). Based on this definition we operationalized perceived physical functioning as the extent to which the participants perceived themselves to be physically fit, energetic, active, and strong. Participants responded to each item using a 7-point scale ranging from 1 *Not at all* to 7 *Very much so*.

Our pilot testing has shown that participants who are expecting to participate in a study regarding the evaluation and grade of another become suspicious of the actual nature of the study when presented with a questionnaire that explicitly measures their forgiveness following a supposed unforeseen transgression. To minimize participants' suspicion about the nature of the study and possible demand characteristics, we developed a procedure and set of non-explicit measures that conformed to the conceptual definition of our constructs and made sense to the participants regarding the circumstances of the study. Based on our previous research, in which a seemingly unexpected transgression occurred ([@B94]), we had the researcher mention that in such situations, the participants were required to complete a "Disrupted Session Form" regarding their experience. On this form, participants described what happened and responded to items concerning the negative event, the impact it had on them, how much they thought about it during the session (rumination), and the extent to which they thought they could let go of the event.

In addition, forgiveness has been conceptually defined as a change in evaluative judgments and acts toward a transgressor from unfavorable/retaliatory to more favorable/beneficial ([@B70]), and therefore, we included items that measured evaluative judgments toward the transgressor and a University Grading Form that measured participants' grades for the transgressor ([@B103]).

#### Grudge

Previous research has shown that rumination about (persistent thinking), and not letting go of, a transgression are related to self-control and grudges and therefore we measured participants' rumination about the negative event and the extent to which they had difficulty letting go of the negative event ([@B32]; [@B17]). We used the following items: First, we assessed whether participants ruminated about the instructor showing up late for the session, i.e., "How often were you thinking about the event during the session?", and second, we assessed the extent to which the event was perceived as difficult for them to let go of, i.e., "To what extent will the event be difficult to let go of?". Participants responded to the items on a 7-point scale ranging from 1 *Not at all* to 7 *Very much so*. We reasoned that the more participants thought about the event during the session (i.e., rumination) and the more they felt that it was difficult to let go of (i.e., holding a grudge), the less capacity they had to exert self-control over their grudges. This is based on previous theorizing that rumination and holding a grudge following transgressions leads to deficits in self-control ([@B32]; [@B17]). Research shows that these measures produce similar associations following self-control tasks ([@B50]).

#### Forgiveness

Consistent with definitions of forgiveness in which victims transform unfavorable evaluations and behaviors into more favorable evaluations and behaviors that benefit the transgressor (see [@B42]; [@B70]; [@B94]; [@B19]; [@B36]; [@B103]), we assessed forgiveness using a self-reported evaluation of the instructor and a university grading form. For the self-reported evaluation, participants evaluated how well the instructor interacted with others in the class, how motivating she was, and how satisfied they were with her. A 7-point scale, 1 = *Not at all*, 7 = *Very much so*, was used to measure all items. Participants were also given a formal grading form used by the University Faculty and they were instructed to assign a grade to the instructor that would contribute to her actual course grade. Participants were instructed to grade the instructor's performance by choosing a letter grade that ranged from *F* to *A*+. Forgiveness was operationalized as more favorable self-reported evaluations of the instructor and higher assigned grades.

### Procedure

Participants were randomly assigned to one of the four conditions. Participants were instructed to meet a research assistant at the entrance of the campus fitness center. Sessions were run in groups of 11 to 15 participants. Once all scheduled participants had arrived, they were led into a workout studio. Next they were given a brief summary of the study and an informed consent form. The participants were told that the purpose of the study was to assess new fitness instructors being trained within the Faculty of Kinesiology. Each participant read and signed the informed consent agreement and completed a demographic and exercise behavior questionnaire. To rig the transgression, the instructor arrived 12 min late for each session. While the participants were waiting, the research assistant checked her watch, looked outside the door, and said twice during the 12 min late period "The instructor is late. When she arrives we will start." When the instructor arrived she immediately introduced herself and did not apologize or mention her tardiness. Next, the participants were instructed to begin their class. In the anaerobic training condition the participants were led by the instructor through a 30 min circuit of weight machines with 2 min allotted for each set and a 1 min rest between sets. A 5 min cool down occurred at the end of the exercise session. In the aerobic training condition, the instructor led them through a 30 min aerobic workout with continuous and sustained exercise including a 5 min cool down at the end of the session. In the stretching condition the participants were led through a 30 min yoga session and a 5 min cool down at the end. In the control condition the instructor led a 30 min lecture about sugary foods and drinks, the effects of these foods on the body, and healthier alternatives. At the end of each session, the instructor thanked the students and left the room. The Disruption in Session Form, Fitness Instructor Evaluation Form, and the University Grade Form were distributed to the participants by the research assistant. All sessions were completed in less than 1 h and the participants were debriefed in writing at the end of the data collection period.

Results
-------

### Composite Variables and Manipulations

Based on positive inter-item correlations, items from the respective scales were averaged: perceived physical functioning, *M* = 4.99, *SD* = 1.27, α = 0.87; grudge, *M* = 2.47, *SD* = 1.32, *r* = 0.22; self-reported forgiveness, *M* = 5.49, *SD* = 1.16, α = 0.86. As well, a positive correlation was found between the self-reported forgiveness scale and assigned grade (*M* = 3.52, *SD* = 1.78), *r* = 0.48. Overall participants perceived that the instructor was late, *M* = 1.84, *SD* = 1.33, and reported that it had a moderately negative impact on them, *M* = 3.60, *SD* = 1.27. As desired, responses regarding the transgression did not vary as a function of the type of exercise, *F*s \< 1.0.

A significant effect was found for type of exercise on the measure of perceived physical functioning, *F*(3, 49) = 2.82, *p* \< 0.05, η^2^ = 0.16. We expected the participants who were in the exercise conditions to report greater perceived physical functioning after the training than the control group. Although the means were all in the expected direction, participants in the aerobic training condition reported significantly higher perceived physical functioning, *M* = 5.69, *SD* = 0.87, than the stretching condition, *M* = 4.64, *SD* = 1.02, *d* = 1.10, and the control condition, *M* = 4.51, *SD* = 1.51, *d* = 0.96, critical *t* = 2.02, *MSE* = 1.44, *p* \< 0.05. No other significant differences were found.

### Mediation Analysis

We used [@B52] process and bootstrapping procedure to test the mediating role of grudges in explaining the relation between exercise and our self-reported and grade forgiveness scales.^[1](#fn01){ref-type="fn"}^ No statistically significant differences were found between the control and anaerobic training groups (i.e., control conditions) and between the aerobic training and stretching groups (i.e., treatment conditions) on the forgiveness variables (all *p*s \< 0.05), and therefore, we dummy coded our exercise independent variables before testing our mediation predictions such that 0 = control + anaerobic training and 1 = aerobic training + stretching. For the self-reported forgiveness measure, a significant direct effect was found for exercise type, β = 0.63, *t* = 2.14, *p* = 0.038, 95% CI \[0.04, 1.22\]. As predicted, participants in the aerobic and stretching condition were more forgiving than participants in the control and anaerobic condition. In addition, the indirect effect of grudge was significant, β = 0.23, *SE* = 0.17, 95% CI \[0.01, 0.81\], suggesting that the relation between exercise type and forgiveness is mediated by the self-regulation of grudges. Participants in the aerobic and stretching condition were more likely to override their grudges, which in turn led to greater forgiveness.

For the grade forgiveness measure, a significant direct effect was also found for exercise type, β = 1.14, *t* = 2.76, *p* = 0.008, 95% CI \[0.31, 1.96\]. Participants in the aerobic and stretching condition awarded higher grades to the transgressor than did those in the anaerobic and control condition. However, grudge did not mediate the relation between exercise type and grade, β = 0.004, *SE* = 0.16, 95% CI \[-0.27, 0.38\].

General Discussion
==================

This research explored the idea that individuals who engage in certain types of exercise might improve relationships following a transgression by overriding grudges and forgiving. The results from two exploratory studies suggest that those who engage in aerobic and flexibility (i.e., stretching) exercises are more forgiving following a transgression than those who engage in anaerobic exercise. These findings also suggest that self-control of grudges mediates the relation between exercise and self-reported forgiveness for those in the aerobic and flexibility conditions but not between exercise and assigning course grades. The findings with respect to the association between exercise type and forgiveness in our non-experimental retrospective study (Study 1) were replicated in our field experiment (Study 2).

Moreover, in Study 2 we measured grudges to test their mediational role in explaining the relation between exercise and forgiveness. Our mediation results showed that overriding grudges only mediated the relation between exercise and self-reported forgiveness for those in the anaerobic and stretching conditions. One possible explanation for the null finding on grading was that our self-reported forgiveness measure and grading measure were unrelated; however, this was not the case as they had a reasonably strong positive relation. Perhaps exercise relates to intrapsychic forgiveness by influencing victims' emotion regulation, which in turn, influences victims' intrapsychic evaluation of the transgressor. Another explanation is that a victim's intrapsychic forgiveness might take place before forgiving acts such as prosocial behavior. Future research examining this temporal sequence would be an asset to the forgiveness literature.

Although exploratory, we believe that this research has a number of positive aspects including systematically replicable results that generalize to different samples and research methods. An additional positive aspect of this research is the generalizability of the benefit of exercise from physical and psychological domains to social domains. These results suggest that training in stretching and aerobics exercises might play a meaningful role in sustaining relationships through the facilitation of forgiveness following an interpersonal transgression. However, it is also important to note a number of limitations of this research.

Because of limited resources associated with Study 2, such as access to exercise facilities, we had to make a number of methodological tradeoffs including a lower overall N than desired and more robust procedures and measures for demonstrating aerobic and anaerobic effects. As a result, our findings should be interpreted as exploratory. Future research that focuses on improving our methodological limitations such as increased statistical power and physiological measures to establish aerobic and anaerobic effects would enable directional hypotheses, stronger tests of the hypotheses, and stronger conclusions. Another limitation of this research was its focus on forgiveness as the only post-transgression response. There are other common post-transgression reactions that affect social bonds, such as seeking revenge ([@B71]; [@B73]). We believe that future research should include vengeance in order to explore the link between those who engage in specific types of exercise and getting back at someone. Revenge responses might be more relevant to certain types of exercise, such as anaerobic. For instance, exercise that does not promote physical functioning and increases testosterone levels such as lifting weights or circuit training, might promote a physical readiness to retaliate. Although our research tested the role of self-control in overriding grudges as an explanation for why exercise affects forgiveness, it did not test how mode of exercise influences self-control. A number of possibilities for future research have been identified in the exercise and self-control literature such as use of glucose, allocation of glucose via cerebral blood flow, shift in motivation, and self-regulatory fatigue ([@B11]; [@B10]; [@B13]; [@B41]).

Overall, these studies suggest that forgiveness might be facilitated by aerobic and stretching exercises suggesting that exercise can play an important role in the repair of relationships following a transgression. Although the growth of gyms, aerobics studios, and yoga studios is encouraging, the activity levels of North Americans have generally been declining. This research provides yet another reason, arguably one of the most important, to get off the couch: improving relationships.

Ethics Statement
================

York University Human Participant Research Committee (HPRC). All participants were informed of the nature of the study and what they would be doing. Data collection proceeded after the participants signed the informed consent form. No vulnerable populations were involved in this research.

Author Contributions
====================

All authors listed, have made substantial, direct and intellectual contribution to the work, and approved it for publication.

Conflict of Interest Statement
==============================

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

A one-way between groups ANOVA was conducted to examine the effect of type of exercise training on our self-reported forgiveness and grade measures. Because they were correlated, *r* = 0.48, and the patterns of results were similar for both measures, to simplify our analysis, we decided to combine them into one analysis by converting them to standardized scores and averaging them. A significant effect was found for forgiveness, *F*(3,48) = 3.45, *p* = 0.02, η^2^ = 0.19. As predicted, significant differences were found between the aerobic exercise, *M* = 0.27, *SD* = 0.98, 95% CI \[-0.27, 0.81\], and anaerobic exercise conditions, *M* = -0.70, *SD* = 1.01, *d* = 1.05, 95% CI \[-1.38, 0.15\], *t* = 2.54, *p* = 0.01 (see **Figure [2](#F2){ref-type="fig"}**). As well, a significant difference and relatively strong effect was found between the stretching, *M* = 0.49, *SD* = 0.63, 95% CI \[0.03, 0.95\], and anaerobic exercise conditions, *d* = 1.35, *t* = 2.91, *p* \< 0.01. A marginally non-significant difference was found between the stretching and control conditions, *M* = -0.18, *SD* = 1.02, 95% CI \[-0.80, 0.44\], *d* = 0.91, *t* = 1.76, *p* = 0.08. All of these effects are relatively strong according to [@B26]. No significant differences were found between aerobic and stretching exercise.
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